When mice fed a high-cholesterol diet were given 0.5 ml of a solution of Adzuki polyphenols (Adzuki-PP; 4 mg/ml) for two weeks via a catheter, the atherosclerotic index of experimental mice was signifi cantly lower than that of the control group, indicating a signifi cant inhibitory effect of Adzuki-PP on serum cholesterol level. In addition, the fecal cholesterol level in the experimental group was signifi cantly higher than that in the control group. Supplementation of Adzuki-PP to a concentration of 290 ppm lowered the solubility of micellar cholesterol in a concentration-dependent manner, indicating that Adzuki-PP inhibits cholesterol micellization. It was therefore suggested that the inhibitory effect of Adzuki-PP on cholesterol micellization in the digestive tract was associated with suppressed serum cholesterol levels. * 60.5±5.5 * p<0.05 1 Values are means ±standard deviations for 4 mice.
Introduction
As the diet of Japanese people continues to become more westernized, with an increasing consumption of meat, the numbers of current patients with lifestyle-related diseases and individuals at high risk of developing them are increasing. Excessive intakes of fat and cholesterol can result in raised serum cholesterol levels, increasing the risk of heart and cerebrovascular diseases. Nutritional guidance has been provided to this population group to encourage its members to reduce their intake of fat and cholesterol-rich foods. However, for hypercholesteremic patients, for whom cholesterol levels cannot be controlled by diet, statin drugs, which inhibit the production of cholesterol in the body, are used to lower serum cholesterol (Koga et al., 1990; Williams et al., 1998) . Various side effects have been reported for statin drugs (Gaist et al., 2002; Helmut et al., 2002) , and the development of new statins with fewer side effects and the search for other compounds that suppress serum cholesterol are underway. It has been reported that Chinese green tea, soybean saponins, phytosterol and hesperidin, among other substances, reduce serum cholesterol levels (Yang et al., 2000; Kim et al., 2003; Lee et al., 2005; Ishizaka et al., 2005) , and it is suggested that the inhibition of the absorption and metabolism of dietary cholesterol and/or the inhibition of the production of cholesterol and bile acids in the liver are involved (Ikeda et al., 1992) .
Adzuki bean is a traditional Japanese food material and is the main agricultural product of Hokkaido. Adzuki beans contain dietary fiber, saponins, and polyphenols (Kojima et al., 1989; Kojima et al., 2006a Kojima et al., , 2006b . We previously reported that feed containing supplemental resistant starch from Adzuki beans or enzyme-treated Adzuki resistant starch reduced serum cholesterol levels in rats (Han et al., 2003a (Han et al., , 2003b . In this two-week study, the ability of an Adzuki polyphenol (Adzuki-PP) solution to lower serum cholesterol was investigated in mice fed a high-cholesterol diet and administered an Adzuki-PP solution daily via a catheter.
Materials and Methods
Preparation of Adzuki polyphenol solution The Adzuki bean extract, prepared by adding 80% ethanol to ground Adzuki beans, was concentrated and freeze-dried. Fifty grams of the powder was added to 1 l of distilled water, and the resulting mixture was centrifuged at 3000 rpm for 10 minutes. The supernatant was applied to a 2L DAIAION SP-850 column (Mitsubishi Chemical Industries Co.) and washed at least three times using the same volume of distilled water. The resultant resign was eluted with ethanol (×3 in volume) and concentrated and dried to prepare the Adzuki-PP. The Adzuki-PP was quantified according to the Folin-Ciocalteu method (Kojima et al., 2006b) and 400 μl of the Adzuki-PP solution (0.5 mg/ml) was mixed with a phenol reagent (Nacalai Tesque, Inc.). Three minutes later it was added to 400 μl of 10% (w/w) sodium carbonate aqueous solution and mixed well. The mixture was left at 30℃ for 30 minutes and then centrifuged at 3000 rpm for 10 minutes. The amount of Adzuki-PP in the supernatant was determined by measuring the absorbance at 760 nm. The amount of polyphenol was calculated as the (+)-catechin (Sigma Chemical Co.) equivalent.
Experimental animals and analysis of serum components Seven-week-old female mice (ddY strain, Japan SLC), after one week of acclimatization, were given water ad libitum and fed a commercially available high-cholesterol feed (CE-2 + 1% cholesterol + 0.5% sodium cholate; Clea Japan, Inc.). The feed had been stored at 4℃. The mice were given 0.5 ml of the Adzuki-PP solution (4 mg/ml) or the same volume of water (control) via a catheter every morning at 10 a.m. for two weeks. After the experimental period, the mice were euthanized and their organs and blood were collected. The blood was centrifuged to collect serum, which was used for component analysis (Kojima et al., 2006b) . The serum levels of total cholesterol, HDL cholesterol, neutral lipids, free fatty acids, and phospholipids were measured by an enzymatic method using the TDX Analyzer (Abbot Laboratories). The non-HDL cholesterol level was calculated as the difference in concentration between total cholesterol and HDL cholesterol, and the atherosclerotic index (AI) was obtained by dividing the very low density lipoprotrin (VLDL) + intermediate density lipoprotein (IDL) + low density lipoprotein (LDL) cholesterol by HDL cholesterol. The experimental animals were handled in accordance with the Guide for the Care and Use of Laboratory Animals after obtaining the approval of the Animal Care and Use Committee of the Obihiro University of Agriculture and Veterinary Medicine (Kojima et al., 2006b) .
Quantitative analysis of fecal lipids Freeze-dried feces were mixed into 2:1 chloroform-methanol, and fecal lipids were extracted for 20 minutes at room temperature using an ultrasound device. The extract was dried by nitrogen, and when a stable value for the dried extract was obtained it was used as the fecal lipid level (Kojima et al., 2006b) . The dried lipids were dissolved by the addition of isopropanol, and the fecal cholesterol levels were determined using a Cholesterol E-Test kit (Wako Pure Chemical Industries) (Kojima et al., 2006b) .
Measurement of the inhibitory effect on cholesterol micellization To prepare the micellar solution, a solution of 15 mM phosphate buffered saline (PBS) (pH 7.4), which contained 0.5 mM cholesterol, 4.8 mM lecithin, and 13.2 mM taurocholic acid, was treated with ultrasound and mixed at 37℃ for 24 hours (Raederstorff et al., 2003) . The micellar solution was then mixed with 1 ml of the PBS solution (Adzuki-PP concentration: 0-290 ppm), incubated at 37℃ for one hour, and centrifuged at 3000 rpm for 10 minutes. The supernatant was passed through a Millex-GP filter (0.22 µm, Millipore), and the cholesterol in the filtrate was measured by a Cholesterol E-Test kit. The inhibition of micellization was calculated by comparing the cholesterol level of the control group (no Adzuki-PP) with the cholesterol level when Adzuki-PP was added.
Statistical analysis Data are expressed as means ± standard deviations. A significance test was performed using t-test (p<0.05).
Results and Discussion
Effects on serum components and fecal cholesterol levels in mice The lactate dehydrogenase (LDH) level was generally higher in the experimental group than in the control group, whereas levels of other liver parameters-glutamic oxaloacetic transaminase (GOT), glutamate pyruvate transaminase (GPT), alkaline phosphatase (ALH) and cholinesterase (CHE)-in the experimental group were similar to or lower than those in the control group (Table 1) . It was therefore suggested that the mice fed a high-cholesterol diet showed slightly more improvement in liver function when given the Adzuki-PP solution than when given water (Kojima et al., 2006b) .
No significant differences were found in serum levels of neutral lipids, and phospholipids between the experimental and control mice; however, free fatty acids and total cholesterol levels were significantly lower in the experimental group than in the control group (Table 1) . While no significant difference was found in HDL cholesterol level between the two groups, VLDL + IDL + LDL cholesterol level was significantly lower in the experimental group than in the control group (Table 2) . It was therefore suggested, as in the case of the mice given feed supplemented with Adzuki re-sistant starch or enzyme-treated Adzuki resistant starch (Han et al., 2003a (Han et al., , 2003b , that the lower total cholesterol level was attributable to the reduction in VLDL + IDL + LDL cholesterol level. In addition, the AI in the experimental mice was significantly lower than that in the control mice (Table  1) . No significant differences were found between the two groups in weight increase, food intake, or the weight of the liver, cecum, hypodermic fats, feces, or fecal lipids. However, the daily amount of fecal cholesterol was significantly higher in the experimental group than in the control group (Table 2 ). This result indicated that the two-week administration of Adzuki-PP solution increased the fecal excretion of cholesterol.
Inhibitory effect of Adzuki-PP on cholesterol micelle stability When cholesterol micelles were added to a solution of Adzuki-PP (58-290 ppm), cholesterol micellization was inhibited in a concentration-dependent manner (Fig. 1) . The amount of Adzuki-PP contained in the solution (290 ppm) was 1 mM catechin equivalent. This inhibitory effect has also been reported for green tea epigallocatechin gallate (EGCG) (Ikeda et al., 1992; Raederstorff et al., 2003) , and it is suggested that EGCG changes the structure of micellar cholesterol, making the micelles larger and insoluble, thus inhibiting their formation (Raederstorff et al., 2003) . To determine which components of the Adzuki-PP solution effectively inhibit cholesterol micellization, each component needs to be isolated, purified, and investigated. This is an issue for future study.
Thus, it is suggested that the suppression of serum cholesterol level in the mice fed a high-cholesterol diet and given 2 mg of Adzuki-PP solution daily for two weeks was attributable to the increased fecal excretion of ingested cholesterol through the inhibition of cholesterol micellization. 
